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The present invention relates to an arrangement for emitting 
light comprising: a hermetically sealed caving (4) including 
a transparent or translucent window (10); a layer (3) of a 
fluorescent Substance arranged within Said casing covering 
at least a major part of Said window; an electron emitting 
cathode (1) arranged within said casing for emission of 
electrons; and an anode (2). Said caving is filled with a has 
Suitable for electron avalanche amplification. Said cathode 
and anode are, during use, held at electric potentials. Such 
that Said emitted electrons are accelerated and avalanche 
amplified in Said gas: and Said layer is arranged to emit light 
through raid window in response to being bombarded by 
avalanche amplified electrons and/or in response to being 
exposed to ultraViolet light as being emitted in the gas due 
w interactions between the avalanche amplified electrons 
and the gas. 
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ARRANGEMENT AND A METHOD FOR 
EMITTING LIGHT 

FIELD OF INVENTION 

0001. The present invention generally relates to cathod 
oluminescent light Sources. More particularly, the invention 
relates to an arrangement and a method for emitting light by 
use of electron emission cathodes and fluorescent Sub 
StanceS. 

BACKGROUND 

0002 One type of a light source is the fluorescent tube. 
In the fluorescent tube a gas discharge emits ultraviolet (UV) 
light onto a fluorescent material. The light Source Suffers 
from Serious drawbackS. For instance, there is always a 
delay after the power has been turned on until the light 
Source radiates at full power. Further, it needs complicated 
control equipment, which requires Space and adds cost. 
Also, it is unfortunately necessary to use material having 
negative environmental effects, Such as mercury. Further 
more, the choice of fluorescent material is limited to UV 
Sensitive materials. Most of these fluorescent materials emit 
light of a spectral shape, which is not optimal for the eye and 
human comfort. Finally, this kind of light Source is often 
rather temperature Sensitive in that the emission intensity is 
Significantly weaker for a long time after Switch-on at low 
temperatures compared to at high temperatures. 

0003) Another type of light source is the cathodolumi 
neScent light Source. In a cathodoluminescent light Source 
electrons are emitted from a cathode either by heating the 
cathode, thus thermally emitting the electrons, or by 
employing a strong electric field in the vicinity of the Surface 
of the cathodes, thus emitting electrons through field emis 
SO. 

0004 Examples of field emission cathode light sources 
employing a strong electric field in the vicinity of the Surface 
of a cathode are disclosed in U.S. Pat. No. 5,877,588 and 
U.S. Pat. No. 6,008,575. 
0005 The main drawback of a thermally emitting cath 
ode is that large amounts of energy are lost in heating the 
cathode. The main drawback of both field and thermal 
emission cathodes is that high emission currents cause the 
cathode to wear out as all electrons producing the light have 
to be emitted from the cathode. This implies that a high 
electron current has to be emitted from the Surface of the 
cathode, which complicates the cathode Structure and pro 
duction thereof. Further, the current cathodoluminescent 
light Sources only operate in vacuum, which requires thick 
walls around the light Source. 

SUMMARY OF THE INVENTION 

0006 An object of the present invention is to provide an 
improved light Source and method, respectively, which 
provide brighter light compared to prior art light Sources, 
and which lack at least Some of the drawbacks described 
above. 

0007. This object, among others, is according to the 
present invention attained by arrangements and methods, 
respectively, as defined in the appended claims. 
0008. By providing a gas suitable for electron avalanche 
amplification in a cathodoluminescent light Source brighter 
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light can be achieved. Furthermore, the emission current 
from the cathode is reduced as a majority of the electrons are 
liberated from the gas and not emitted from the surface of 
the cathode, which simplifies the construction of the cathode 
and prolongs its life time. 
0009. As the pressure in a gas-filled light source is 
considerably higher than vacuum, typically atmospheric 
preSSure, the walls of the light Source can be made thinner, 
which makes the light Source lighter. 
0010 AS during the avalanche amplification, besides 
electrons, also UV light is emitted that may stimulate the 
fluorescent material, causing it to emit light, the total elec 
tron current per unit light output is Smaller than in a 
conventional cathodoluminescent light Source, which Sim 
plifies the design of the light Source. 
0011. As it is easy to vary the emission current in a field 
emission cathode and/or the avalanche amplification by 
varying an avalanche Voltage the light Source may readily be 
dimmed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 Further features and advantages of the present 
invention will be evident from the following detailed 
description of embodiments given below and the accompa 
nying Figures, which are given by way of illustration only, 
and thus, are not limitative of the present invention, wherein: 
0013 FIGS. 1-6 are cross-sectional side views of light 
Sources according to Six different embodiments of the 
present invention; and 
0014 FIGS. 7-9 are perspective views of three different 
lamp housings which may be used together with the light 
Sources of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0015. A first embodiment of the present invention will 
now be described with reference to FIGS. 1A and 1B. 

0016 A planar cathodoluminescent light source com 
prises a planar cathode 1, a planar anode 2 parallel to the 
cathode 1 and a fluorescent layer 3 inside a casing 4. The 
casing 4 has a window 10 to allow light to emerge from the 
light Source. The fluorescent layer 3 is arranged on the inside 
of the window 10, and the anode 2 is arranged on a Surface 
of the fluorescent layer 3, which faces the cathode 1. 
0017. The casing 4 is hermetically sealed and filled with 
a gas Suitable for electron avalanche amplification. A dif 
fuser may be arranged outside the casing 4 (not illustrated). 
A diffuser provides leveling of luminous intensity to com 
pensate for different luminous intensity from different areas 
of the light Source. 
0018. The planar cathode 1 may be any type of cathode 
that can be stimulated to emit electrons from its Surface 1A 
facing the anode 2. It may have a Smooth or an irregular 
Surface. Irregularities in the Surface 1A may e.g. be formed 
by irradiating the Surface with laser light, etching, mechani 
cal roughening, or deposition of material producing irregular 
shapes Such as e.g. carbon nanotubes, fullerenes, etc. Emis 
Sion of electrons is provided either by heating the cathode 1, 
causing the electrons to be thermally emitted, or by applying 
a strong electric field in the vicinity of the Surface of the 
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cathode 1 causing electrons to be emitted by field emission. 
It is further possible to heat a field emission cathode to 
provide emission of electrons by applying a lower electric 
field, as compared to a non-heated field emission cathode. 
0019. The planar anode 2 is permeable to high-energy 
electrons, to allow Such electrons to penetrate the anode and 
bombard the fluorescent layer 3. The planar anode 2 may e.g. 
be a thin foil or may have a meshed shape. 
0020. Alternatively, the anode 2 is arranged between the 
fluorescent layer 3 and the casing 4 as illustrated in FIG. 1B. 
The planar anode 2 has then to be transparent to light and 
may be made of a transparent conductor or may have a 
meshed shape. However, the anode has not to be transparent 
to electrons. The anode 2 can in this case be part of the 
casing 4 where e.g. the casing 4 can be made of a conductive 
material, e.g. conductive glass or plastic. 
0021. The fluorescent layer 3 may consist of a single 
material or a mixture of materials, e.g. a mixture of 
YOS:Eu, ZnS:Cu; Al and ZnS:Cl. 
0022. A gas suitable for electronavalanche amplification 
may e.g. be any noble gas, nitrogen or a noble gas mixed 
with a hydrocarbon gas such as 90% argon and 10% 
methane. The gas is preferably at atmospheric pressure, but 
may be at under- or overpreSSure, preferably in the range 
0.001-20 atm. 

0023) A voltage U is, during use, applied between the 
anode 2 and the cathode 1. The voltage U should be high 
enough to cause electrons to be emitted from the cathode 1 
in the case of field emission. The voltage U should in all 
cases be high enough to avalanche amplify the electrons in 
the gas. The avalanche amplified electrons are accelerated 
towards the anode 2 and thus the fluorescent layer 3. The 
electrons are absorbed in the fluorescent layer 3 and thus 
excite the fluorescent material thereof. During relaxation the 
fluorescent layer 3 emits bright visible light. 
0024. As during the avalanche amplification, besides 
electrons, also UV light is emitted that may stimulate the 
fluorescent material, causing it to emit light. This physical 
proceSS may be used together Smith the electron bombard 
ment or Separately for producing the light. 
0.025. An advantage of using avalanche amplification in a 
gas is that electrons emitted from the cathode are accelerated 
by an electric field between the cathode 1 and the anode 2 
and ionize the gas and new electrons are emitted from the 
gas, which in turn are accelerated and ionize the gas further. 
Thus, the main part of the electrons providing light is 
derived from the gas and not from the cathode, which lessen 
the wear of the cathode. The gas functions as a catalyst as 
positive ions formed during the ionization of the gas drift 
toward the cathode where they are neutralized and revert to 
the gas. 
0026. Using a distance of 1 mm between the anode 2 and 
the cathode 1 in a gas of argon and methane at a pressure of 
1 atm a voltage of typically 1000 V is sufficient to emit 
electrons from the cathode 1, and to avalanche amplify the 
emitted electrons. 

0027. The dimensions of the light source may vary tre 
mendously, depending on the intended use and light Source 
may be produced having quadratic to very elongated light 
emitting Surfaces. 
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0028. A second embodiment of the present invention will 
next be described with reference to FIG. 2. This second 
embodiment is identical with the first embodiment apart 
from the following. 

0029. The planar cathodoluminescent light source of 
FIG. 2 further comprises a modulator electrode 5 positioned 
between the anode 2 and the cathode 1, preferably closer to 
the anode 2 than to the cathode 1. Preferably, the modulator 
electrode 5 has a meshed shape to allow electrons to pass 
through. 

0030. An electric field necessary to emit an electron from 
a cathode through field emission is normally lower than an 
electric field for avalanche amplification of electrons. Thus, 
by providing the modulator electrode 5 close to the anode 2 
a sufficiently high electric field may be obtained without 
applying very high Voltage for the electrons emitted from the 
cathode 1 to be avalanche amplified close to the anode 2. 

0031. By providing a modulator electrode in the light 
Source the positive ions formed during the ionization of the 
gas drift toward the modulator electrode where they are 
neutralized and revert to the gas. 

0032. A first voltage U1 is, during use, applied between 
the modulator electrode 5 and the cathode 1, and causes 
emission of electrons from the cathode 1 and/or acceleration 
of emitted electrons from cathode 1. A Second Voltage U2 is 
applied between the anode 2 and the modulator electrode 5, 
and is high enough to avalanche amplify the emitted elec 
trons in the gas and give them Sufficiently high kinetic 
energy Such that the avalanche amplified electrons are 
capable to penetrate the anode 2 and bombard the fluores 
cent layer 3, which in response thereto emits light. 

0033 Next, a third embodiment of the present invention 
is described with reference to FIG.3. This third embodiment 
is identical with the second embodiment except for the 
following. 

0034. The planar cathodoluminescent light source further 
comprises an avalanche electrode 6 positioned between the 
anode 2 and the modulator electrode 5, preferably closer to 
the modulator electrode 5 than to the anode 2. Preferably, the 
avalanche electrode 6 has a meshed shape to allow electrons 
to pass through. Gratings may be used to make up the 
meshed shapes of the modulator electrode 5 and the ava 
lanche electrode 6. The electrodes 3 and 6 should preferably 
be positioned parallel with each other and having apertures 
aligned with each other. 

0035 A dielectric 21, such as a polyamide film, may be 
positioned between the modulator electrode 5 and the ava 
lanche electrode 6 to keep them apart at a well defined 
distance. The dielectric 21 may have apertures precisely 
matching the apertures of the gratings or have apertures that 
are wider or narrower than the apertures of the gratings 5 and 
6. When a dielectric 21 is utilized to stabilize the electrodes 
5 and 6 the gratings of the electrodes may be manufactured 
by means of metallizing the dielectric 21. 

0036 By providing a modulator electrode and an ava 
lanche electrode in the light Source the positive ions formed 
during the ionization of the gas drift toward the modulator 
electrode and the avalanche electrode, respectively, where 
they are neutralized and revert to the gas. 
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0037. A first voltage U1 is, during use, applied between 
the modulator electrode 5 and the cathode 1, and causes 
emission of electrons from the cathode 1, and/or acceleration 
of emitted electrons from the cathode 1. A Second Voltage 
U2 is applied between the avalanche electrode 6 and the 
modulator electrode 5 and accelerates the emitted electrons 
in the gas, possibly the Voltage U2 may be high enough to 
achieve avalanche amplification of the emitted electrons. A 
third voltage U3 is applied between the anode 2 and the 
avalanche electrode 6, and is high enough to either further 
avalanche amplify the previously amplified electrons or to 
drift the electrons towards and through the anode 2 and 
bombard the fluorescent layer 3, which in response thereto 
emits light. 
0.038 Provided that the second voltage U2 avalanche 
amplifies the electrons, the third voltage U3 may have a 
reversed electrical field, collecting the electrons on the 
avalanche electrode 6 instead of on the anode 2. In the gap 
between the electrodes 5 and 6 UV-light is formed by means 
of the avalanche effect, which illuminate the fluorescent 
layer 3 without bombarding it with electrons. This is par 
ticularly advantageous when the anode 2 is positioned 
between the fluorescent layer 3 and the window 10 or when 
the anode 2 is part of the casing 4. 
0.039 A fourth embodiment of the present invention will 
next be described with reference to FIGS. 4A and 4.B. 

0040. A cylindrical cathodoluminescent light source 
comprises a rod cathode 1 having a circular croSS Section, a 
cylindrical anode 2 having an annular croSS Section and a 
cylindrical fluorescent Substance 3 inside a casing (not 
illustrated). The casing has a window to allow light to 
emerge from the light Source. The fluorescent layer 3 may be 
arranged to cover the inside of the window. The anode 2 is 
preferably arranged on the cylindrical fluorescent Substance 
3 facing the cathode 1. 
0041. The casing is hermetically sealed and filled with a 
gas Suitable for electron avalanche amplification. A diffuser 
(not illustrated) may be arranged outside the casing, to 
provide leveling of luminous intensity to compensate for 
different luminous intensity from different areas of the light 
SOCC. 

0042. The rod cathode 1 may have a surface similar to the 
cathode Surface described above in connection with the first 
embodiment, i.e. Smooth or irregular. Alternatively, the 
cathode 1 may consist of a plurality of fibers, e.g. carbon 
fibers, carbon nanotubes, fullerenes etc, extending radially, 
thus forming a plurality of disks forming a rod-shape as 
illustrated in FIG. 4B. 

0043. The anode 2 is permeable to high-energy electrons, 
allowing Such electrons to penetrate the anode 2 and bom 
bard the fluorescent cylindrical layer 3. The anode 2 may e.g. 
be a thin foil or have a meshed shape. 
0044) Distances, fluorescent Substance, gas contents and 
applied Voltages may be identical with those of the first 
embodiment described above. 

0.045. This fourth embodiment has been described as 
having cylindrical Symmetry, but may alternatively have 
Spherical Symmetry. 

0046. Further, this embodiment may include a modulator 
electrode as described in the Second embodiment, and yet 
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further include an avalanche electrode and a dielectric as 
described in the third embodiment. 

0047 A fifth embodiment of the present invention, illus 
trated in FIG. 5, is identical with the fourth embodiment 
except for that the cathode 1 has a Square croSS Section and 
that the anode has a Square-shaped croSS Section 2. 

0048. A sixth embodiment of the present invention will 
next be described with reference to FIG. 6. This sixth 
embodiment is identical with the first embodiment apart 
from the following. 

0049. The cathode 1 is heated by means of a heater 20 to 
boost the emission of electrons from the cathode 1. 

0050. The anode 2 is not planar, but has a surface partly 
parallel with the cathode 1 and partly perpendicular to the 
cathode 1. Thus, providing an electrical field (illustrated by 
arrows in FIG. 6) causing emission of light in non-parallel 
planes. 

0051. Further, this embodiment may include a modulator 
electrode as being comprised in the Second embodiment, and 
may yet further include an avalanche electrode and a dielec 
tric as described in connection with the third embodiment. 

0052. Different types of lamp housings will next be 
described with reference to FIG. 7-9. A diffuser as described 
above may be included in Such a lamp housing. 

0053 A first type of lamp housing is illustrated in FIG. 
7, and includes a lamp fitting part 7 and a glass part 8. The 
lamp fitting part 7 is non-transparent and holds a light Source 
as e.g. one of the first to third embodiments or the sixth 
embodiment within the lamp housing and includes means to 
fix the lamp housing to a wall, a ceiling or other Support. The 
lamp housing may also house the electronics associated with 
the light Source. The glass part 8 is transparent or translucent 
and is arranged to protect the light Source and to admit light 
to be transmitted from the light Source. 

0054 Another design of lamp housing is illustrated in 
FIG. 8, and includes a lamp fitting part 7 and a glass part 8. 
The lamp fitting part 7 is arranged to hold a light Source as 
e.g. the fourth or fifth embodiment in the lamp housing and 
the lamp housing. The glass part 8 is transparent, translucent 
or non-transparent radial to an axis of Symmetry of the 
cylinder and open upwards and/or downwards. 

0055 Yet another design of lamp housing is illustrated in 
FIG. 9, and includes a lamp fitting part 7 and a glass part 8. 
The lamp fitting part 7 is non-transparent and arranged to 
hold a light Source as e.g. the Spherical alternative of the 
fourth embodiment in the lamp housing and the lamp 
housing to a ceiling. The glass part 8 is transparent or 
translucent. 

0056 All the embodiments described above may easily 
be provided with a dimmer. By varying a Voltage applied to 
the light Source the emission current and/or the avalanche 
amplification may be varied, which in turn varies the inten 
sity of the emitted light from the light Source. 

0057. It will be obvious that the present invention may be 
varied in a plurality of ways. Such variations are not to be 
regarded as departure from the Scope of the present inven 
tion. 



US 2005/00624 13 A1 

1. An arrangement for emitting light comprising: 

a hermetically Sealed casing including a transparent or 
translucent window (10); 

a layer of a fluorescent Substance arranged within Said 
casing covering at least a major part of Said window; 

an electron emitting cathode arranged within Said casing 
for emission of electrons, and 

an anode, 
wherein 

Said casing is filled with a gas Suitable for electron 
avalanche amplification; 

Said cathode and anode are, during use, held at electric 
potentials. Such that Said emitted electrons are acceler 
ated and avalanche amplified in Said gas, and 

Said layer is arranged to emit light through Said window 
in response to being bombarded by avalanche amplified 
electrons and/or light as being in response to being 
exposed to ultraViolet as being emitted in the gas due to 
interactions between the avalanche amplified electrons 
and the gas. 

2. The arrangement as claimed in claim 1, whereing Said 
cathode is a thermal emission cathode and wherein Said 
arrangement includes heater menas for heating Said cathode 
to thereby emit electrons. 

3. The arrangement as claimed in claim 1, wherein Said 
cathode is a field emission cathode, and wherein Said anode 
is, during use, held at an electric potential higher than that 
of Said cathode Such that electrons from Said cathod can be 
emitted. 

4. The arrangement as claimed in claim 1, wherein Said 
anode is, during use, held at an electric potential higher than 
that of Said cathode for creating emission of electrons from 
Said cathode and wherein Said arrangement includes heater 
means for heating Said cathode to thereby facilitate creating 
Said emission of electrons. 

5. The arrangement as claimed in claim 3, comprising a 
modulator electrode arranged between Said anode and Said 
cathode, Said modulator electrode being, during use, held at 
an electric potential higher than that of Said cathode and 
lower than that of Said anode for creating a first electric field 
between Said cathode and Said modulator electrode for Said 
emission of electrons and for creating a Second electric field 
between Said modulator electrode and Said anode for Said 
avalanche amplification of emitted electrons. 

6. The arrangement as claimed in claim 5, wherein Said 
modulator electrode is arranged closer to Said anode than to 
Said cathode. 

7. The arrangement as claimed in claim 5, comprising an 
avalanche electrode arranged between Said modulator elec 
trode and Said anode, Said avalanche electrode being, during 
use, held at an electric potential higher than that of Said 
modulator electrode and lower than that of said anode for 
creating Said avalanche amplification in two different Steps 
of different electrical fields. 

8. The arrangement as claimed in claim 5, comprising an 
avalanche electrode arranged between Said modulator elec 
trode and Said anode, Said avalanche electrode being, during 
use, held at an electric potential higher than that of Said 
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modulator electrode and higher than that of Said anode for 
collecting Said avalanche amplified electrons on Said ava 
lanche electrode. 

9. The arrangement as claimed in claim 7, wherein a 
dielectric (21) is arranged between said modulator electrode 
and Said avalanche electrode for keeping Said modulator 
electrode and Said avalanche electrode at a well defined 
distance. 

10. The arrangement as claimed in claim 9, wherein said 
modulator electrode and Said avalanche electrode are pro 
Vided as metallizations on Said dielectric. 

11. The arrangement as claimed in claim 7, wherein Said 
avalanche electrode is arranged closer to Said anode than to 
Said modulator electrode. 

12. The arrangement as claimed in claim 1, wherein Said 
anode is arranged on Said fluorescent layer facing Said 
cathode and wherein Said anode is permeable to Said ava 
lanche amplified electrons. 

13. The arrangement as claimed in claim 1, wherein Said 
anode is arranged between Said fluorescent layer and Said 
casing and wherein Said anode is transparent to light. 

14. The arrangement as claimed in claim 1, wherein Said 
cathode has an irregular Surface facing Said anode. 

15. The arrangement as claimed in claim 1, comprising a 
plurality of cathodes. 

16. The arrangement as claimed in claim 1, wherein Said 
fluorescent Substance comprises a Single material or a mix 
ture of materials, such as a mixture ofY,0S:Eu, ZnS:Cu; Al 
and ZnS:Cl. 

17. The arrangement as claimed in claim 1, wherein Said 
anode and Said cathode have planar, cylindrical or Spherical 
Symmetries. 

18. The arrangement as claimed in claim 1, wherein Said 
casing is Surrounded by a diffuser. 

19. The arrangement as claimed in claim 1, comprising 
electronicS allowing Said potentials to be changed to thereby 
change the light emitted from Said fluorescent layer. 

20. A two part lamp housing comprising an arrangement 
as claimed in claim 1, a holder Supporting Said arrangement 
and a diffuser Surrounding Said arrangement. 

21. A method for emitting light, in a device comprising: 
a gas Suitable for electron avalanche amplification, a fluo 
rescent Substances, an electron emitting cathode and an 
anode, wherein: 

holding Said anode and Said cathode at electrical poten 
tials Such that emission of electrons from Said cathode 
is obtained, electrons emitted from Said cathode are 
avalanche amplified in Said gas, and Said avalanche 
amplified electrons are arranged to bombard Said fluo 
rescent Substance, which fluorescent Substance emits 
light in response to being bombarded by Said avalanche 
amplified electrons and/or in response to being eXposed 
to ultraViolet light as being emitted in the gas due to 
interactions between the avalanche amplified electrons 
and the gas. 

22. The method as claimed in claim 21, wherein said 
device further comprises a modulator electrode and Said 
method comprises the following Step: 

holding Said modulator electrode at an electrical potential 
higher than that of said cathode and lower than that of 
Said anode Such that Said emission of electrons from 
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Said cathode and Said avalanche amplification of Said 
emitted electrons are performed at two different elec 
trical fields. 

23. The method as claimed in claim 22, wherein said 
device further comprises an avalanche electrode and Said 
method comprises the following Step: 

holding Said avalanche electrode at an electrical potential 
higher than that of Said modulator electrode and lower 
than that of Said anode Such that Said avalanche ampli 
fication is performed in two Steps of different electrical 
fields. 

24. The method as claimed in claim 22, wherein said 
device further comprises an avalanche electrode and Said 
method comprises the following Step: 

holding Said avalanche electrode at, an electrical potential 
higher than that of Said modulator electrode and higher 
than that of Said anode Such that Said avalanche ampli 
fied electrons are collected on Said avalanche electrode. 

25. The method as claimed in claim 21, comprising the 
further Step of altering Said potentials to thereby alter the 
light emitted from Said fluorescent Substance. 

26. A method for emitting light, in a device comprising: 
a gas Suitable for electron avalanche amplification, a fluo 
rescent Substance, an electron emitting cathode and an 
anode, wherein: 
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heating Said cathode Such that emission of electrons from 
Said cathode is obtained; and 

holding Said anode and Said cathode at electrical poten 
tials Such that electrons emitted from Said cathode are 
avalanche amplified in Said gas, and Said avalanche 
amplified electrons are arranged to bombard Said fluo 
rescent Substance, which fluorescent Substance emits 
light in response to being bombarded by Said avalanche 
amplified electrons and/or in response to being eXposed 
to ultraViolet light as being emitted in the gas due to 
interactions between the avalanche amplified electrons 
and the gas. 

27. The method as claimed in claim 26, wherein said 
device further comprises a modulator electrode and Said 
method comprises the following Step: 

holding Said modulator electrode at an electrical potential 
higher than that of said cathode and lower than that of 
Said anode Such that said avalanche amplification of 
Said emitted electrons are performed in two steps of 
different electrical fields. 

28. The method as claimed in claim 21, wherein said 
device is Surrounded by a diffuser, Such that irregularities in 
light distribution of emitted light from said device is evened 
Out. 


